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© A process chamber (56) having voltage driven 
electrodes (31), e.g. plasma chamber, can be made 
self cleaning of particle contamination by appropriate 
design of the workpiece (44) or electrode (31) sur- 
face to provide protuberances, grooves or tapers 
thereon which result in a predetermined pattern in 



the electrostatic potential (46) within the process 
chamber (56) which can trap particulate contamina- 
tions (52, 58) in preselected regions within the plas- 
ma chamber (56). These particles can then be chan- 
neled out of the process chamber through a pump 
port. 
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This invention relates to apparatus and pro- 
cesses for reducing particulate contamination in 
processing using voltage driven electrodes, em- 
ploying deposition etching and removal by electron 
cyclotron resonance, plasma, magnetron enhanced 
plasma, reactive ions and RF induction, most pref- 
erably, in processing of microelectronic devices 
using voltage driven electrodes. 

Effectiveness of plasma etching anti deposition 
in electronic device fabrication is reduced by con- 
tamination problems. Particulate contamination is a 
major problem encountered during plasma pro- 
cessing of microelectronic materials. It is estimated 
that as much as 50% of current semiconductor 
chip yield loss may be attributed to direct or in- 
direct effects of particulate contamination during 
fabrication. This fraction is expected to increase as 
device dimensions are reduced in future technol- 
ogies. Particles that reduce process yields today 
range in size from the macroscopic to the sub- 
micron size. 

Particulate contamination also has an extreme- 
ly deleterious effect on the performance and re- 
liability of microelectronic devices produced by 
plasma etching or deposition. Particulate contami- 
nation can result in device failure, poor film quality, 
changes in material resistivity, and impurity perme- 
ation. Further, as device dimensions are reduced, 
tighter control of the etching profile requires ever 
more stringent restrictions on the allowable particle 
contamination number, density and size. To meet 
these requirements, tightly controlled, clean rooms 
are required to avoid particle deposition on pro- 
duce surfaces during wafer transport and handling. 

Improvements in clean room technology and in 
the handling of in-process substrates (for semicon- 
ductors and other applications) have reduced the 
once appreciable introduction of particles onto sub- 
strates during non-process exposure such as wafer 
handling and transfer. Particulate formation during 
process steps, including plasma processing, may 
now contribute a significant fraction of total con- 
tamination exposure with corresponding yield re- 
duction. G.S. Selwyn, R.S. Bennett and J. Singh, 
"In-situ Laser Diagnostic Measurements of Plasma- 
Generated Particulate Contamination in RF Plas- 
mas" J. Vac. Sci. Tech. A. Vol. 7(4), pp 2758-2765 
(Jul/Aug 1989). 

In addition, the industry trend is towards 
"integrated vacuum processing ", or "multi-chamber 
processing". This means that surface contamina- 
tion previously removed by wet or dry mechanical 
means will be more complex or impossible to rem- 
edy since it now requires removal of the substrate 
from the vacuum chamber. In multi-chamber tools, 
particulates which drop onto a wafer before, during, 
or at the completion or a process step may have 
an especially severe impact on subsequent pro- 



cess steps in that tool. 

Recent studies in our laboratory have shown 
that certain etching plasmas can produce par- 
ticulates which may be a significant source of prod- 
s uct contamination and device failure. These experi- 
ments have shown that particles can be nucleated, 
grown and suspended in a process plasma until 
they are significant in size. Sizes of these particles 
range from the submicron scale to hundreds of 

io microns in diameter. In addition, when the plasma 
is initiated, our studies have shown that particles 
are transported from the wall regions of the cham- 
ber into the central plasma region. The problem is 
that the particles ultimately fall onto devices being 

75 fabricated in the same manufacturing environment. 
If particles fail before or during film deposition or 
pattern transfer, they can disrupt the process step. 
If they fall at the end of a process step, the 
particulates may disrupt subsequent process steps. 

20 These contaminants often produce defects which 
affect the device yield, performance and reliability. 
Similar results have been observed in deposition 
type plasmas (PECVD Silane), see R.M. Roth, K.G. 
Spears, G.D. Stein and G. Wong "Spatial Depen- 

25 dence of Particle Light Scattering in an RF Silane 
Discharge" App. Phys. Lett., 46(3), 253-255(1985)). 

The effects of particulate contamination can be 
magnified when selective plasma etching pro- 
cesses are used. Certain plasma etching processes 

30 rely on a combination of feed gases and etching 
conditions to selectively etch material surfaces on 
the wafer. The chemical formation of particulates 
which are etched at a slow rate in these highly 
selective plasmas results in micromasking, or an 

35 irregular surface often referred to as "grass". This 
spike or hill of unetched material will also degrade 
the device performance and reduce process yield. 

Contrary to common belief, presence of these 
particulates is not always due to material flaking 

40 from chamber walls, but may also be due to gas 
phase processes such as homogeneous nucleation. 
This suggests that particle contamination problems 
may not be eliminated solely by rigorous attention 
to clean room techniques and frequent cleaning of 

45 manufacturing equipment. Instead, since the plas- 
ma itself can result in product contamination, this 
problem may pose a "base level" of contamination 
even with the highest clean room technology. It is 
therefore important to develop means to operate 

so the plasma while controlling or eliminating particle 
formation. Further, techniques are also necessary 
for removing particles, once present in a process. 

Laser-light scattering studies on our laboratory 
have indicated that the plasma composition and 

55 gas flow have a pronounced effect on the formation 
of particle contamination in etching plasmas. In 
particular, faster gas flow resulting in shorter resi- 
dence time in the plasma as well as lower gas 
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pressures and shorter plasma exposure, all tend to 
inhibit particle formation in certain plasmas. This 
suggests a mechanism of nucleation and growth for 
particle production. Feed gas chemistry also has 
an important effect on particle formation. Chlorine- 
containing plasmas are highly prone to particle 
formation, although non-chlorine plasmas, such as 
CF4, can produce particles on a smaller scale. 
Most important, however, has been the discovery 
by spatially-resolved laser light scattering experi- 
ments, that particle growth occurs primarily at the 
sheath boundary, and may be confined to a vertical 
region of less than 1 mm thick. 

This same region has been shown experimen- 
tally to trap plasma negative ions, resulting in a 
high concentration of plasma negative ions in this 
region as explained by the reference, G.S. Selwyn, 
L.D. Baston and H.H. Sawin, "Detection of CI and 
Chlorine-containing Negtive Ions in RF Plasmas by 
Two-photon Laser-induced Fluorescence" Appl. 
Phys. Lett., 51(12), 898-900 (1987). It has been 
explained theoretically by the reference: M.S. Bar- 
nes, TJ. Colter and M.E. Elta, "Large-signal Time- 
domain Modeling of Low-pressure FR Glow Dis- 
charges" J. Appi. Phys., 61(1), 81(1987). 
Applicant's have discovered that by modifying the 
surface of an electrode on which a workpiece is 
disposed or by modifying the surface of the work- 
piece particles in the plasma chamber can be 
channeled to predetermined locations in the plas- 
ma chamber from where they can be removed. 
This is achieved by a predetermined pattern of 
protuberances and filled or unfilled grooves in the 
electrode or wafer surface. 

U.S. Patent 4,461,237 to Hinckel et al. de- 
scribes a plasma reactor for etching and depositing 
material at an enhanced rate on a semiconductor 
wafer. The effect is attributed to weakening the 
electric field outside the regions of the electrode 
opposite the wafer. The electrode opposite the 
wafer has holes or apertures which are filled with a 
dielectric such as quartz. The holes are concentric 
with respect to the substrates which are being 
etched or are angular around the electrode. The 
dielectric insert must be similar in shape to the 
substrate which is being etched. In contradistinc- 
tion, the protuberances or grooves which can be 
filled with the dielectric according to the present 
invention are not required to be similar in shape 
with the workpiece substrate. The protuberances or 
grooves instead provide drainage channels in the 
equipotential surfaces by which contamination par- 
ticles can be drained off The protuberances or 
grooves of the present invention are generally at 
the periphery of substrate or between substrates. 
The Hinckel dielectric insert must be on the elec- 
trode opposite the workpiece. In contradistinction, 
according to the present invention, the dielectric 



protuberances or dielectric filled groove is gen- 
erally on the same electrode as the workpiece. 

The field generated by the Hinckel apparatus is 
sufficient to intentionally alter the etch or deposition 

5 characteristics of the plasma. In contradistinction, 

; according to the present invention, weaker fields 
are designed not to influence low mass electrons 
or ions for the purposes affecting the etch or depo- 
sition but the much weaker fields are designed to 

70 provide a directed radial gradient in the region of 
the sheath boundary. It is this region in which 
particles substantially accumulate in plasmas. This 
gradient affects the motion of massive particles, 
but has a substantially lower effect on much lighter 

75 ion and electrons. 

It is an object of this invention to alter the 
electrostatic potential within a process chamber to 
selectively collect particles in predetermined re- 
gions for subsequently draining them away from 

20 the workpiece or out of the processing chamber. 

It is an object of this invention to selectively 
aJter the electrostatic potential by providing 
grooves or protuberances or combinations thereof 
on the surface of the electrode holding a workpiece 

25 to be etched or upon which material is to be 
deposited or from which the material is to be 
removed or by providing protuberances or grooves 
on the workpiece itself. 

In its broadest aspect, this invention is a depo- 

30 sition, or etch, or removed apparatus having a 
voltage driven electrode and having a means for 
reducing or eliminating particle contamination by 
channeling or deflecting particles away from pre- 
determined surfaces to predetermined locations 

35 from which they can be removed using a passive 
electrostatic design. 

A more particular aspect of the present inven- 
tion is an apparatus and method having a process- 
ing chamber containing a voltage driven electrode 

40 and a means for providing an electrostatic potential 
capable of collecting and channeling to a predeter- 
mined location, particles within the processing 
chamber. 

In a more particular aspect of an apparatus and 
45 method of the present invention the apparatus in- 
cludes a means for extracting the trapped particles 
from the processing chamber. 

These and other objects, features and advan- 
tages will become more apparent from the follow- 
so ing detailed description and the figures appended 
thereto. 

Fig. 1 is a photograph of light scattered off of 
particles suspended over semiconductor wafers on 
an electrode in a plasma chamber. 
55 Fig. 2 is a schematic representation of the 
electrostatic equipotential potential to generate the 
particle distribution shown in Fig. 1. 

Fig. 3 is a schematic representation of an em- 
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bodiment of an apparatus of the present invention 
wherein the electrostatic equipotential surface with- 
in the plasma chamber has a predetermined con- 
figuration provided by the structure of the elec- 
trode. 

Fig. 4 is a top view of the electrode with 
workpiece thereon shown in Fig. 3. 

Fig. 5 is a schematic representation of another 
embodiment of an electrode configuration to pro- 
vide a predetermined electrostatic equipotential 
surface to selectively collect particles in predeter- 
mined regions. 

Fig. 6 is a schematic top plan view of an 
electrode within a process chamber having a plu- 
rality of wafers thereon. 

Fig. 7 is an embodiment of an electrode having 
a specified pattern of protuberances or grooves 
thereon. 

Fig. 8 is another embodiment of an electrode 
having a configuration of protuberances or grooves 
thereon. 

Fig. 9 is an embodiment of a plurality of 
grooves or protuberances on a workpiece which is 
placed on an electrode in a process chamber. 

Fig. 10 shows data for the distribution of small 
particles deposited on semiconductor wafers after a 
sputtered quartz deposition process with and with- 
out the use of the present invention. 

Fig. 11 is similar to Fig. 10 but is data for 
larger particles. 

Each of these processing apparti use at least 
one electrode in a chamber on which is disposed a 
workpiece. An external current or voltage source 
drives the electrode to a predetermined voltage 
(referred to herein as a voltage driven electrode) 
with respect to a ground which can be another 
electrode which can be the chamber sidewalk 
There can be more than one voltage driven elec- 
trode. The electrode can be driven by an A.C. or 
D.C. source. 

For convenience the preferred embodiments 
will be described in terms of plasma processing, 
i.e., etching, deposition and ashing. However, the 
inventions herein are not limited to plasma pro- 
cessing. The inventions herein generally applies to 
processing employing a voltage driven electrode, 
such as plasma processing, plasma magnetron 
processing, reactive ion processing, electron cyclo- 
tron resonance processing and radio frequency in- 
duction processing. Details on the construction of 
apparati for plasma processing, reactive ion pro- 
cessing, magnetron plasma processing and RF in- 
duction processing are described in A.R. Reinburg, 
"Plasma Etch Equipment and Technology" in 
"Plasma Etching and Induction", Eds D.M. Manos 
and D.L Flamon Academic Press, Inc. (1989), in 
particular at pages 339-389, the teaching of which 
is incorporated herein by reference. Details on the 



construction of electron cyclotron resonance ap- 
parati are describe in W.M. Holber, "Electron Cy- 
clotron Resonance Ion Sources" in "Handbook of 
Ion Beam Processing Technology, Principles, De- 
5 position, Rim Modification and Synthesis", Eds. 
JJ. Cuomo, S.M. Rossnagel, H. R. Kaufman, 
Noyes Publications, N.J. (1989). The cross referen- 
ced patent application contains additional details on 
process chamber design, the teaching of which is 

10 incorporated herein by reference. 

As described above, it has been documented 
that particles generated by RF plasma processes 
can be a major source of contamination in semi- 
conductor chip processing. These particles can se- 

15 verely reduce product yield and performance. Typi- 
cally, these particles are electrostatically suspend- 
ed at the plasma/sheath boundary until the plasma 
is turned off, at which point many of these particles 
fall onto the part being processed. In a plasma 

20 chamber, between the anode and cathode elec- 
trodes, at least one of which is RF biased, there is 
generated a plasma region which is a collection of 
electrons and cations. In this region there is a low 
electric field. Surrounding these region of low elec- 

25 trie field is a region of high electric field which is 
referred to herein as the sheath region. Neutral 
particles on a plasma chamber pickup a negative 
charge from the free electrons in the system and 
thereby become charged particles. Our research 

30 has shown that the topology of the RF electrode 
can result in specific particle trapping regions 
above the electrode. An example of these trapping 
regions is shown in Fig. 1 as the numbered light 
scattering regions. Details on the particle light scat- 

35 tering technique for monitoring the particles within 
a process chamber are described in "In-Situ Laser 
Diagnostic Measurements of Plasma-generated 
Particulate Contamination in RF Plasmas" J. Vac. 
Sci. Tech. A. Vol. 7 (4), pp 2758-2765 (Jul/Aug 

40 1989) G.S. Selwyn et al. and in "Dry Processing for 
Submicrometer Lithography" S.P.I.E. Proceedings, 
Vol. 1185, 12-13, pp 86-97 (1989), G.S. Selwyn et 
al., the teachings of both of which are incorporated 
herein by reference. The cross referenced patent 

45 application contains additional details on the use of 
light scattering for particle detection, the teaching 
of which is incorporated herein by reference. The 
light scattering technique described in these arti- 
cles uses a laser beam which is stationary with 

50 respect to the process chamber which is moved by 
100 micron increments in the vertical direction to 
change the field of view. To obtain the photograph 
of Fig. 1 herein, the technique of these articles was 
modified to raster scan the laser beam over the 

ss interior of the process chamber. It will be apparent 
to those of skill in the art how to make this modi- 
fication. 

Fig. 1 is a photograph of light scattered from 
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particles in a plasma chamber containing silicon 
wafers. These trapping regions include rings of 
particles, for example, 2 and 4 around the edges of 
a silicon wafer disposed on the RF electrode and 
domes of particles 6 and 8 that form over the 
center of wafers. The wafers are not visible in Fig. 
1 since Fig. 1 is showing light scattered from the 
suspended particles. In a conventional plasma 
chamber when the RF fields is turned off the par- 
ticles in Fig. 1 shown as rings 2 and 4 and domes - t 
6 and 8 will fall onto the silicon wafers, thereby 
contributing to contamination on the surface of the 
wafer. 

Applicants have discovered that by modifying 
either the surface of the electrodes upon which the 
silicon wafers are disposed or by modifying the 
surface of the workpiece, which is in this case a 
silicon wafer, the distribution of the rings and 
domes of particles can be located over those re- 
gions of the electrode on which there are no silicon 
wafers. 

Fig. 2 schematically shows a plasma chamber 
10 having an electrode 12 therein. The electrode 
12 is preferably driven by an RF voltage 13. The 
electrode 12 has thereon workpieces 14 and 16 
which can be semiconductor wafers. Within the 
plasma chamber there is an electrostatic 
equipotential surface schematically shown as 18 
which has relative minima 20 and 22 at the edges 
of wafer 14. At these relative minima 20 and 22 
there are trapped particle groups 24 and 26 re- 
spectively which corresponds to the rings 2 and 4 
of Fig. 1. Over the middle of wafer 14 there is a 
relative minima 28 in electrostatic potential 18 with- 
in which is trapped particle group 30 which cor- 
responds to the domes 6 and 8 of Fig. 1. There are 
similar potential minima over wafer 16 and particle 
groups trapped at these minima corresponding to 
rings and domes. When the RF field is turned off, 
the electrical potential 18 vanishes and the particle 
groups will fall onto the wafers 14 and 16. The 
region 27 between wafers 14 and 16 is part of the 
sheath region. 

Applicants have been the first to discover that the 
topographic features of the electrode and work- 
piece can result in particles being trapped in un- 
desirable locations over a workpiece on the elec- 
trode. 

Applicants have discovered how to modify the 
electrical potential distribution 18 so that the rela- 
tive minima such as 20, 22 and 28 are not located 
over the workpieces 14 and 16, but located over 
those parts of the electrode 12 on which there are 
no workpieces or over the regions peripheral to that 
of the electrode 12. Therefore, particles produced 
by the process preferentially can be trapped at 
locations away at the parts being processed and 
either remove to a location from which they pose 



no danger of contamination to the parts being 
processed or removed from the chamber. This may 
be done by blocking movement of the particles 
from the tool walls into the center of the electrode, 

s for example by creating a trappen in a region away 
from the workpiece, using a passive topographic 
design of the electrode. Such selective passive 
topographic designs of the electrode include, but 
are not limited to selective raised or recessed 

■ro regions of the electrode. 

Fig. 3 schematically shows an electrode 31 
which can be made from a metal base 32, for 
example of copper, with a dielectric layer 34, for 
example quartz, thereon having a tapered edge 36 

75 in the dielectric layer 34 at the edge 38 of elec- 
trode 31 and having a groove 40 beyond the pe- 
riphery 42 of workpiece 44 which is disposed on 
electrode 32. The equipotential of the electric field 
is diagrammatically shown as 46 having a minima 

20 48 over groove 40 and a shoulder 50 over tapered 
edge 36. Particles 52 coming off sidewail 54 of 
plasma chamber 56 will be trapped in the region 
between sidewail 54 and the edge 38 of electrode 
31 by the shoulder 50 in the equipotential surface. 

25 Particles generated in the region over the work- 
piece 44 will get trapped in the minima 48 shown 
as particle group 58. The shoulder 36 and the 
groove 40, although shown in a dielectric layer 34 
on metal base 32 need not be within a dielectric 

30 layer. The tapered edge 36 and the groove 40 can 
. be within the metal base without a dielectric layer 
thereover. Moreover, a shoulder 36 alone and a 
groove 40 along can be used, it is not necessary 
that they be used in combination. Moreover, the 

35 shoulder and groove can have any cross-sectional 
profile, not just triangular and rectangular as shown 
in Fig. 3. The cross-sectional shape will be chosen 
to optimize the trapping and channeling for a par- 
ticular application. 

40 Fig. 4 schematically shows a top plan view of 
the electrode 32 of Fig. 3 having workpiece 44 
disposed thereon. Numbers common between Fig. 
4 and Fig. 3 correspond to the same thing. 

Fig. 5 schematically shows another embodi- 

45 ment for selectively adjusting the equipotential sur- 
face of the electromagnetic field within the plasma 
chamber to selectively channel particles to a pre- 
determined location. In Fig. 5, plasma chamber 60 
contains electrodes 62 which can be metal such as 

so copper, or a metal electrode covered by a dielec- 
tric or semiconductor, e.g., silicon, surface on 
which is disposed workpiece 64, such as a semi- 
conductor wafer. A ring of material 66 is disposed 
around the periphery of the workpiece. The ring 

55 dees not have to be circular. The ring cross section 
is shown circular but can be any cross-sectional 
shape which can be chosen to optimize the chan- 
neling and trapping of particles. Ring 66 can be 
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fabricated from any material, such as a dielectric 
semiconductor or a metal. A suitable dielectric is 
quartz and a suitable metal is copper or aluminum. 
The equipotential surface is represented by 68 
having a minimum 70 at the inside edge 72 of ring 
66 and has a shoulder 76 along the periphery 78 of 
electrode 62. Shoulder 76 of equipotential surface 
68 traps particles 80 along the sidewall 82 of 
plasma chamber 60 and minima 70 of equipotential 
surface 68 traps particles from over the region of 
workpiece 64 shown as particle group 84. 

Fig. 6 and Fig. 6B show a side and a top plan 
view respectively of an electrode 84 having a plu- 
rality of semiconductor wafers 86 thereon with ei- 
ther a ring of material 90 or a groove 91 in the 
surface 88 of electrode 84. The protuberance 
(raised region) or for groove (recessed region) 91 
is shown to be circular, that is not required, it can 
have any other shape. There is an opening 92 in 
the protuberance. 90. Aligned with opening 92 is a 
pump port 94 in plasma chamber 96. Pump ports 
in plasma chambers are routinely used in the art. 
The resultant gas flow permits contamination par- 
ticles which accumulate between protuberance 90 
or groove 91 and the sidewall 98 of the plasma 
chamber 96 to be extracted. The groove 91, at 
opening 92 in protuberance 90, has groove mem- 
bers 93 directed towards pump port 94. Pump port 
94 is aligned with opening 92 in protuberance 90 
and groove members 93 to permit particles which 
accumulate within the interior of protuberance or 
groove 90 to be extracted out to the pump port. 
This permits the particulate contamination to be 
extracted from the plasma chamber out through the 
pump port, thereby preventing these particles from 
being deposited onto the wafers 86 when the field 
is turned off. In one embodiment shown in Fig. 6A, 
protuberance 90 is a quartz ring having a circular 
cross section of diameter 3/8 inches shown as 65 
in Fig. 5 and a ring diameter 95 of 35 inches. The 
groove diameter is about 33.5 inches with a width 
of about .25 inches and a depth of about .08 
inches. The protuberance 90 and groove surround 
a plurality of semiconductor wafers 86, each having 
a diameter of about 5 inches and a thickness of 
about 20 mils. The wafers were disposed on the 
quartz coated electrode on the interior of the ring 
90 and groove 91 and the wafers were minimally 
spaced from the quartz ring by approximately 2 
inches. 

Fig. 7 shows an electrode design driving a 
predetermined topographic pattern of protuberan- 
ces or grooves 102 radiating from a region 104 of 
electrode 100. Using the electrode design of Fig. 7 
particles can be channeled to one location 104 of 
the electrode which can be disposed near a pump 
port of a processing chamber to remove the par- 
ticles. 



Fig. 8 shows an electrode 106 with a plurality 
of workpieces 112 thereon between the workpieces 
there is a pattern of protuberances or grooves 
similar to that of Fig. 7 radiating from a central 
5 location 110 of electrode 106. A cross latch pattern 
113 of protuberances or grooves interconnects the 
radiating topographic pattern to enhance the par- 
ticle channeling properties of the topographic pat- 
tern. 

10 The protuberances or grooves are not required 
to be only on the electrode itself. The protuberan- 
ces or grooves can be on the workpiece which is 
on the electrode in the process chamber. For ex- 
ample, Fig. 9 shows a semiconductor wafer 114 

75 which could be placed upon an electrode in a 
process chamber. Semiconductor wafer 114 has a 
plurality of semiconductor chips 116 thereon. Typi- 
cally semiconductor wafers also have a plurality of 
alignment locations or fiducial marks 1 1 8. Between 

20 the rows of chips there is shown a plurality of 
protuberances or grooves 120. These protuberan- 
ces or grooves will set up an equipotential surface 
having channels between the chip rows permitting 
a pump port at one end of the plurality of rows to 

25 extract particulates from the region over the wafer. 

Figs. 10 and 11 show data collected for a 
sputtered quartz deposition process. In this pro- 
cess, the primary source of particular contamina- 
tion is from flaking of quartz which builds up on the 

30 tool walls. When an 8mm thick quartz ring was 
placed around the electrode on which the parts are 
processed, as shown in Fig. 6, the particle counts 
on those parts was significantly reduced. Figs. 9 
and 10 show the measured particle counts for 

35 submicron (< 2.5 microns) and large (> 3 microns) 
particles respectively. Results are given for addi- 
tional particles detected after processing for 4 wa- 
fer positions on a quartz electrode over two suc- 
cessive runs. Run 1 used an 8mm cross sectional 

40 diameter quartz ring as shown in Fig. 5. run 2 was 
identical to run 1 but was done without the 8mm 
ring. Numbers at the top of each cluster denote the 
sum total of all particles on the four wafers. 

As an alternate design the grooves may be 

45 filled in with a material having a different dielectric 
constant than the remaining electrode. This may 
aid transport of the particles by creating a field 
gradient along the direction of the groove. In addi- 
tion a gradual tapering of the electrode edge to 

so promote a field gradient at the radial direction of 
the electrode may also be used to move the par- 
ticles. In addition, a varying groove depth or protu- 
berance height may be used to create a field 
gradient to move the particles. For the purpose of 

55 this application a taper in the electrode is included 
within the meaning of a groove. 

Similar effects can be expected during plasma 
processing of any workpiece, such as a multi-layer 
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ceramic substrate or magnetic disk head. 

The topographic feature (protuberances, 
grooves, dielectric filled grooves, tapers) can be on 
the workpiece, the electrode the workpiece is dis- 
posed, or on an electrode on which the workpiece 
is not disposed. Using one or both of the tech- 
niques described herein, it is within the skill of the 
art to develop optimal electrode geometries for 
most types of processes using voltage driven elec- 
trodes. For example, grooves or protuberances can 
be formed at the surface of a dielectric plate which 
is disposed on an electrode wherein the surface of 
the plate having the topographic features face the 
electrode. In another variation, the dielectric plate 
can have topographic features on both sides there- 
of. The plate can be a metal or semiconductor or 
dielectric. 

In summary, the invention herein is directed to 
using predetermined topographic features in an 
electrode, a workpiece of both to remove par- 
ticulate contaminants from a tool using a voltage 
driven electrode. 

The invention herein permits semiconductor 
wafers to be densely packed on an electrode, in a 
two dimensional close packed arrangement as in a 
two dimensional crystal wherein there is a small 
spacing between wafers, e.g., 1/16" to 1.8". In this 
space the topographic features of the present in- 
vention can be disposed to provide electrostatic 
potential channels between wafers to trap and drain 
particles away from the wafers as taught herein. At 
one portion of the electrode, the channels can 
converge to a pump port. The electrode can have 
depressions within which the workpiece sits to aid 
in positioning. 

Claims 

1. An apparatus comprising: 

a process chamber (56, 60, 96) having at least 
one voltage driven electrode (31, 62, 84, 100, 
106); and 

means for providing an electrostatic potential 
(46, 68) capable of directing particles (52, 58, 
80, 84) generated within said chamber (56, 60, 
96) to predetermined locations. 

2. The apparatus of claim 1, further including 
means (94) for extracting said particles (52, 58, 
80. 84) from said process chamber (56, 60, 
96). 

3. The apparatus of claim 1 or 2, wherein said 
means for providing an electrostatic potential 
(46, 48) is a predetermined topographic pattern 
at the surface of . said at least one electrode 



(31,62, 84,100, 106). 

4. The apparatus of claim 3, wherein said pre- 
determined topographic pattern is a pattern of 

5 raised regions at said least one electrode. 

5. The apparatus of claim 4, wherein raised re- 
gion is a circular ring (66, 90). 

70 6. The apparatus of claim 5, wherein said ring is 
a dielectric material. 

7. The apparatus of claim 4, wherein said ring is 
a semiconductor. 

15 

8. The apparatus of claim 5, wherein said ring is 
an electric conductor. 

9. The apparatus of claim 3, wherein said pre- 
20 determined topographic pattern is a pattern of 

recessed regions in said at least one electrode. 

10. The apparatus of anyone of the claims 2 to 9, 
wherein said means for extracting said par- 

25 tides is a port in said process chamber out 

from which said particles are drawn. 

11. The apparatus of anyone of the claims 1 to 10, 
wherein said chamber contains a plurality of 

30 electrodes; there being a workpiece on at least 
one of said electrodes; said means for provid- 
ing an electrostatic potential being a predeter- 
mined irregular surface pattern on at least one 
of said electrodes and/or on said workpiece. 

35 

12. The apparatus of claim 11, wherein said irregu- 
lar surface pattern is a plurality of recessed or 
raised regions on said workpiece. 

40 13. The apparatus of claim 11 or 12, wherein said 
workpiece is a semiconductor wafer. 

14. The apparatus of claim 11 or 12, wherein said 
workpiece is a semiconductor chip packaging 

45 substrate. 

15. The apparatus of anyone of the claims 3 to 14, 
wherein at least a part of said irregular surface 
pattern is filled with a material. 

50 

16. An apparatus for processing a workpiece com- 
prising: 

a process chamber having a plurality of elec- 
55 trodes, at least one being a voltage driven 

electrode; 

said workpiece being disposed on one of said 
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electrodes; 

means for directing particles generated within 
said chamber to predetermined locations within 
said chamber not over said workpiece; 5 

means for extracting said particles from said 
process chamber; 

said means for directing said particles being a w 
predetermined topographic pattern on at least 
one of said electrodes and said workpiece. 

17. The apparatus of anyone of the claims 1 to 10, 
wherein said process chamber is selected from 75 
the group of a plasma chamber, a reactive ion 
chamber, an RF induction chamber an electron 
cyclotron resonance chamber and a magnetron 
reactor. 
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FIG.6A 
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FIG. 9 




14 



EP 0 453 780 A2 



FIG. 10 
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